A total of 865 Salmonella isolates from wastewaters and sewage-contaminated natural waters were tested for antimicrobial resistance by using NR10 medium and incubation at 43°C. Of the strains, 12.7% were resistant to one or more of the compounds tested, and 30% transferred resistance to an Escherichia coli recipient. The highest minimal inhibitory concentrations were ca. 1,000 ,ug/ml. Transfer frequencies ranged from 10-3 to 10-7.
10-7.
In recent years great concern has arisen from the presence of antibiotic-resistant members of the family Enterobacteriaceae in aquatic environments. The ability of these strains to transmit this resistance to other bacteria has been the subject of many studies on antibiotic resistance transfer, mainly through R plasmids (6, 7, 13, 14) . The increased level offecal contamination detected in many natural surface waters and the relative ease with which bacteria become resistant to the usual antimicrobial drugs have increased the need for investigation of this resistance in aquatic environments, as it may pose a serious public health hazard. Indeed, water-borne outbreaks of enteric pathogens carrying R factors have already led to large numbers of deaths due to diagnostic problems and the failure of an adequate response to antibiotic treatment (5, 11) .
In our laboratory we tested 865 Salmonella strains recovered from a wastewater treatment plant and from a hypereutrophic coastal lagoon (Albufera Lake, near Valencia, Spain) for antibiotic resistance by using NR1O medium and incubation at 43°C (1; E. Alcaide, J. P. Martinez, and E. Garay, J. Appl. Bacteriol., in press). Minimal inhibitory concentrations (MICs) and the ability to transfer resistance to a laboratory strain of Escherichia coli K-12 (nalidixic acid resistant) have also been investigated. The resistance transfer was tested with a recipient strain of nalidixic acid-resistant E. coli K-12 for mating experiments. Donors and recipients were grown to mid-log phase in LB broth in 100-ml flasks (8) . A 1-ml sample of the donor strain was added to fresh LB broth with 2 ml of recipient, and the mixture was incubated for 4 to 18 h at 37°C without shaking (20) . Appropriate dilutions were spread onto BTBlactose agar plates (4) containing 100 p.g of nalidixic acid per ml and adequate amounts of antibiotics. Colonies grown on double inhibitor-supplemented BTB-lactose agar after 24 to 48 h were scored as presumptive transconjugants. Frequency of transfer was calculated as the number of presumptive transconjugants per initial number of donor cells (17) .
There are many studies dealing with the antibiotic resistance of gram-negative bacilli, especially members of the Enterobacteriaceae, from fecal specimens (2, 14, 15, 17) because of the increasing risk of gastroenteritis caused by strains carrying R plasmids (10, 11, 16) . The majority of the work has been done with coliforms; several papers have also been published on environmental strains of members of the Enterobacteriaceae with R factors (3, 6, 7, 13, 14, 17) , and a few papers report on antibiotic resistance in Salmonella strains isolated from aquatic environments (7, 13, 19, 21) . In our work 12.7% of the Salmonella isolates were resistant to one or more compounds. Of these, 36.6% were resistant to one and 63.4% were resistant to two or more antibiotics. Streptomycin resistance was the most common, followed by resistance to ampicillin. All isolates were sensitive to polimixin B. Of the 52 serotypes isolated, 25 showed resistance to one or more compounds. Salmonella infantis, Salmonella panama, Salmonella agona, Salmonella anatum, and Salmonella typhimurium were most numerous and more frequently isolated from the two types of water analyzed. These five serotypes accounted for 63.6% of the resistant strains. Of the 16 resistant S. typhimurium isolates, 9 were resistant to tetracycline. The strains came from one of the discharging sites at Albufera Lake with high levels of fecal coliforms (12) . These results are summarized in Table 1 .
The MIC ranged between 25 and 1,700 ,ug/ml ( b Mean ± standard deviation. ferable in 30% of the strains. The transfer frequencies varied from 10-3 to 10-7. Seven strains had transfer frequencies of 10-3, independent of their resistance pattern. Of these, three came from the sewage treatment plant and four came from the lake water. The sewage isolates, apart from showing a high transfer frequency, exhibited multiple resistance to five and six of the antibiotics tested. The incubation period of the mating pairs (from 4 to 18 h) did not affect the transfer efficiency.
The incidence of resistance to antibiotics in the environmental Salmonella strains recovered in our study agrees with similar studies carried out in river waters (7) . The presence of multiply resistant strains and the high transfer efficiency of R factors shown by some of the strains will require more research about the factors influencing the survivability of such microorganisms.
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